Introduction
Teeth are present within the oral cavity and include various parts like dentin, enamel, cementum, pulp, and periodontal ligament. The function of teeth is to cut and crush the food to make it easy for swallowing and digesting. 1 Besides that tooth enhances self-confidence and improve the quality of life. Thus the loss of teeth due to disease or decay affect eating pattern, speaking, or laughing to certain extend. 2 Thus a lot of effort has given to protect the teeth in the field of dentistry.
Various compounds are used in the field of dentistry to protect the teeth (Fig. 1 ). For filling of teeth amalgam having good mechanical properties is used. The amalgam composite is used to seal crowns and bridges. 3 The sealing was permanently hardened by a polymerization lamp inserted into the oral cavity. Glass ionomers are used for temporary filling of deciduous teeth. It gives well tolerance capacity and permanently seals crowns and bridges. 4 For prosthesis, gold is an ideal material as it is harmless, precision, and rigid. 5 Ceramics are used in fixed prosthetics (crowns and bridges). 6 Steel is used for framework and clasps in removable prosthetics. 7 For bleaching the yellow coloured tooth, "carbamide peroxide" gels 8 and hydrogen peroxide derivatives 9 are used. Hg replaces heterogeneous and homogeneous transplants. Although these methods are used in the field of dentistry, they have some disadvantages too (Table 1) . For example, the main flaw of amalgam is that it contains mercury which is harmful to our body. 10 Composite fillings are hypersensitive 11 towards cold.
Ceramics can sometimes fracture and extremely hard in nature. 12 Taking these disadvantages into account nanoparticles are introduced in dentistry. Nanotechnology 13 , a technology which deals objects of nanometer size and the particles are called as nanoparticles (NPs) . Silver is the frequently used NPs, used in various products in different form, 14 which is followed by carbon and ion oxides (TiO 2 ). 15 The nanoparticle can improve the quality of the products by adding many functional groups to it. 16 Thus nano products are widely used in various industrial sectors, 15 medicine and in the field of dentistry. 17 Hybrid bionanomaterials are used to build electronic and memory devices. 18 The dental implant formed of biocompatible materials like hydroxyapatite and titanium embedded into the alveolar bone along with an artificial tooth is available for implantation. 19 This implant, mainly, forms a periodontium and that varies from the structure of the original tissue. It may cause dental ankyloses when alveolar bone directly contacts the dental implant. 20 Nanoporous anodic alumina (NAA), porous silicon (pSi) and Titania nanotubes (TNTs) are used for development of drug- Good resistance to further decay, long term effectivity, shows no fracture issues in stress conditions, does not decay in the mouth, and needs removal of the minimum tooth, resistance against leakage.
Dark silver metal colored, may irritate sensitivity tooth as it conducts heat and cold, costly.
Glass Ionomer
Provide aesthetic beauty, prevents decay by fluoride release, needs removal of the minimum tooth, low tooth sensitivity.
Usage is limited, the material becomes rough as time goes and can increase the accumulation of plaque resulting in periodontal disease.
Gold alloy
Good resistance to decay, durable, shows no fracture in stress, resists leakage because of good fitting, needs removal of the minimum tooth.
It is colored yellow, may result in tooth sensitivity, high cost.
Ceramics
Provide excellent resistance to further decay, resistant to surface wear, resistant to leakage, very minimal or no tooth sensitivity.
The weak material, which can break under biting forces, not suggested for molar teeth, costly material. Ceramics fused to metals
Resistance to decay, very durable, no sensitivity of tooth, resists leakage. More tooth needs to be removed than ceramics, higher cost.
Resin ionomer Very good aesthetics, act against decay by releasing fluoride, needs removal of the minimum tooth, well usable for non-biting surfaces, can be used for the primary restoration of teeth, better than glass ionomers, provide resistance against leakage, low rate of dental sensitivity.
Cost is similar to the composite resin, limited use wears faster than composite and amalgam.
Composite resin
Strong and durable, tooth colored, break free, preservation of maximum tooth, the low hazard of leakage, do not undergo decay and provide good resistance to the biting forces.
Moderate tooth sensitivity occurs, more costly, shrinks when it hardened which could lead to temperature sensitivity, may leak over time.
releasing implants by anodizing silicon, titanium and aluminum electrochemically. [21] [22] [23] [24] [25] Nano pores of TNTs, NAA and pSi are developed electrochemically to change the length and shape, the diameter of the pore to develop implants which can release drugs. Drug-releasing action can be studied by accurately making the nanoporous structure which is based on therapeutic requirements such as drug loading, dosages of the drug, the rate of drug release, etc. 26 The various nanoparticles used in the field of dentistry are summarised in Fig. 2 . This review summarises utilisation of some of the widely used nanomaterial in various field of dentistry.
NP used in dentistry
Various applications of NPs that are used in the field of dentistry are shown in Fig. 3 . The chemical and physical property based on the metals or the compounds used to prepare the NPs ( Table 2 ). We are summarising the pure NPs as well as the composite NPs used in the field of dentistry. Bio-composite materials like tiny calcium phosphate crystallites having similarity towards hydroxyapatite showing biological characteristics of forming a chemical bond interface with bone. Hydroxyapatite is a natural nanocomposite of the body, formed of collagen. Typically they are used for implants coatings 27 having biocompatibility and better wear resistance and for preparation of bone graft. 15 Recently, ceramics are modified organically and its fillers are used in dentistry to enhance dispersion and enhanced biocompatibility and for high toughness. 15 2. Carbon based nano-materials
Carbon nanotubes
Carbon nanotubes (CNTs) have unique electrical as well as mechanical properties. Strength and flexibility of CNTs are because of C22C covalent bond and hexagonal orientation. CNTs also have thermal and electrical conductivity (semi conductivity). 28 Because of it's excellent mechanical and electrical properties such as heat stability, heat transmission efficiency, high strength and lower density, it is used as a candidate for teeth filling and various applications (Figs. 4 and 5). CNTs needles are used for bringing active agents to live cells (Kanzius RF Therapy). 15 
Graphene
Graphene, an allotrope of carbon having sp2 hybridized carbon atoms has one-atom thick densely packed planar sheets structure arranged in honeycomb crystal lattice. This makes graphene as the thinnest material forming a uniform crystal lattice without any vacancies or structural dislocations. This property yielded graphene new physical properties. 15 Conducting electrons of graphene, mostly behave like electrons or neutrons which move like the speed of light. 29 Thus graphene is used in photovoltaics, 30 biodevices, 31 ultra-capacitors 32 for diagnosis and detection of disease and building of anti-bacterial surfaces. 33 Thus graphene is used to treat various bacterial biofilm. 34 Oral biofilms are important for dental caries development (Streptococcus mutants -1 0 etiological agents in dental caries formation) and several periodontal diseases. Implants can replace absent teeth. 35 Biofilms are important due to its implant failure nature. Graphene/zinc oxide nanocomposite (GZNC) has the potential to the biofilm caused by Streptococcus mutans. 36 Acrylic teeth coated with graphene ( Fig. 4 ) are used due to its cost effectiveness, fracture resistant and low-density property is suitable for implantation. 36 Anti-biofilm assays show biofilm reduction in presence of GZNC. 36 PCL/graphene was also used for porous scaffolds formation. 37 
Hydroxy apatite (HAp)
Hydroxyl apatite NPs has been used widely in medicine and dentistry. It's similar composition with teeth and bone make it a biocompatible substance for the physiological process. This is the main composition of mineralized tissues of the human body (Ca 10 (PO 4 ) 6 Á2(OH)). It is a natural calcium phosphate ceramic, predominant in 97% enamel. The hardest tissue of our body is tooth enamel which has HAp nano crystals as the building blocks. Teeth are acellular in nature, thus it cannot be logically repaired Fig. 2 . The different approach of nanoparticle used in dentistry.
like a bone. Thus regenerating the enamel surface is a significant challenge. 38 The recently developed interest in nanotechnology is providing new insights about the application of nano-hydroxyapatite in dentistry. The nano sized HAp particles can easily integrate into the dental tubules. The function of the tubule is to seal the opening and thus prevents the nerves to expose towards external stimuli. Thus, HAp helps to reduce dental hypersensitivity. 39 HAp NPs is having greater surface area, as a result of which they can bind strongly with proteins as well as with bacterial and plaque fragments. Their high biological activity and reactivity enable them to bind to the dentin apatite and tooth enamel. 40 Hydroxyl apatite nanoparticles Carbon nanotubes can offer tensile strength because of the hexagonal arrangement yet it has the malleability of rubber, high tensile ductility (8-13%), good mechanical strength.
Surface area is large, ultra-light weight, heat stability, high strength, lower density.
Heat transmission efficiency Strong bond between carbons atoms make this material quite stable; the carbon atoms in nanotubes are arranged in hexagonal rings. Graphene Graphene is transparent, flexible (high malleability and ductility) and very stable.
The unique structure gives rise to a high planar surface area, superior mechanical strength, electronic properties are remarkable and alluring optical characteristics.
Single, thick carbon sheets of honeycomb lattice orientation having two-dimensional (2D) origin make up the grapheme structure. Due to the structure, graphene has acquired a number of unique and exceptional characters. Hydroxy apatite (HAp)
Greater surface area, hexagonal structure. It is a calcium phosphate. It is quite stable when compared to other calcium phosphates.
Zirconia
The ductile, soft and malleable matter which provide great resistance to corrosion.
Zirconium nanoparticles are lighter and less susceptible to embrittlement by hydrogen.
Available in the form of nanodots, Nano fluids nanocrystals with the white surface area. Provide great resistance to corrosion by acids, alkalis, salt water and other agents. Silica
Compressive strength-1600 MPa with minimal ductility and significant hardness.
Two types based on their structure -P-type and Stype. P-type is characterized by numerous Nano pores whereas S-type is having smaller surface area. P-type nano silica is having comparatively higher UV reflectivity. Silver nanoparticles are having high ductility and malleability. They are also good conductors.
Small size, the surface area is large, having exceptional optical, electrical and thermal conductivity.
Chemically very stable having catalytic activity, unique surface chemistry which helps them better act as an antimicrobial agent.
can fit well with the very small cavities present in the enamel originated by acidic erosion. 41 The HAp NPs are adsorbed robustly to the enamel of the teeth 41 and thus retard auxiliary erosive demineralization. 41 Various toothpaste, mouth-rinsing solutions integrate these nanocrystals to repair the enamel surfaces. The biomimetic function of hydroxyapatite is to protect the teeth by making a film of artificial enamel around the tooth (Fig. 4) . The granular hydroxyapatite is employed in dental clinical rehearsal to reform periodontal shortcomings. 42 Biocompatibility studies indicated that hydroxyapatite has the ability to bind to bone and do not lead to any inflammatory response, either local or systemic nor toxic phenomena. Some scientists have shown that the hydroxyapatite, as like tricalcium phosphate, do not go through any resorption. 42 Due to its chemical property and ability to form crystals with inorganic components of teeth, it can build chemical bonds and make sure the immediate integration of titanium implants to the teeth and the tissues around it. Several studies have put forward the role of hydroxyapatite in facilitating the method of step integration. 42 
Iron oxide
Iron compound (FeOx) nanoparticle has an important role in biology and medicinal field. 43 Magnetite and Maghemite, the two common forms of iron oxide nanoparticles are most popular in biomedical science due to its biocompatibility and non-toxic property to humans. 44 Furthermore, iron oxide is well decomposable and thus helpful in favor of in vivo applications. Mostly used NPs in medical science are nanoparticles based on Superparamagnetic iron oxide. 43 Bacterial biofilms on dental implants are difficult to eliminate by antibiotics as a result of their protective layer of exopolymers that insert the microorganisms in a matrix, which is impenetrable for immune-cells and for many antibiotics. The nanoparticulate substance is presently used to control microbial infections. Ironoxide nanoparticles are widely utilized to eradicate biofilms on dental implants 45 (Figs. 4 and 5).
Zirconia
The use Zirconia (Zirconium dioxide, ZrO 2 ) has considerable significance in dental science. 46 It has similar metallic properties and color like tooth. 47 Zirconia is a chemical oxide 48 which is insoluble in water. Thus, it reduces the bacterial adhesion and has low cytotoxicity. 49, 50 This makes ZrO 2 as a widespread biomaterial for dental implants. 51 Zirconia implants encompass glorious resistance against corrosion and carry, as well as sensible biocompatibility. 52 Moreover, high fracture resistance can be acquired by ZrO 2 because of energy retention property throughout the conversion of polygonally shaped molecules into monoclinic ones. 53 Zirconia NPs is a bio inert material, the encapsulation by animal tissue is weak and also the unleash of remains virtually unnoticeable. Additionally, Zirconia is osseo conductive, 54 thereby it facilitates bone formation. Besides ZrO 2 NPs various nanocomposites are also used in various application of dentistry (Figs. 4 and 5). Nano zirconia-alumina materials combine the physical and chemical properties of ceramic material. 55, 56 In these NPs, low percentage of tetragonal ZrO 2 particles is in an aluminum oxide matrix. Thus, the toughness and longevity which are the principal interest in the dentistry are retained. 55, 56 Alumina/zirconia nano composites are new implant materials which show better efficacy as compared to the ceramic materials. 57 Zirconia oxide nanoparticles are found to have anti-biofilm activity against certain bacteria (such as Enterococcus faecalis) and therefore they can be effectively used as a polishing agent in dental practices. 58 
Silica
Silica-based NPs have a significant role in nanotechnology, due to its size, surface area, biocompatibility, low toxicity, low density and adsorption capacity. 59 SiNPs are used in various filed of medical science 60 to diagnose, control diseases and correcting genetic disorders. Thus Silica NPs used in biomedical research, such as drug delivery, 61 enzyme supporters 62 and biosensors. 63 In the field of dentistry silica NPs used as dental filler. Variation in dimension and outline of packing particles affect the possessions of the materials. 64 Thus various dental filler products developed to improve their mechanical properties. 65 Tooth polishing is a conventional practice, which uses silica particles.
Silica particles are used in polishing for their biocompatibility and low cost. Some cariogenic bacteria that lives inside the oral cavity causes damage of the tooth enamel 66 by producing acids that demineralize the enamel, thereby causing caries. Polishing of teeth surfaces is often done [67] [68] [69] to protect the enamel surfaces. Studies have shown a considerable lower roughness of the polished surface when silica nanoparticles were used for polishing. 70 Thus, polishing prevents dental caries, which acts as a primary defense mechanism against the cariogenic bacteria. Modified silica nanoparticles are used to treat dental hypersensitivity (Figs. 4 and 5) . Enamel loss exposes dentinal tubules, thereby increasing the risk of dental hypersensitivity. Over the years, a number of desensitizing agents are commercially available that aim at occluding dentinal tubules. But none of them are consistent and reliable. Recently, a number of dental care products have been developed for the occlusion of exposed dentinal tubules. 71, 72 Unfortunately, the products can penetrate only up to a small depth into the dentinal tubules which may not combat the daily adverse conditions. 73, 74 . Therefore, it's necessary to develop biomaterials that can penetrate deeper inside the dentinal tubules without irritating the pulp, rapid in action, and provide lasting tubule occlusion in dentin. 75 Mesoporous silica possesses well-defined structures, high surface areas, tunable pore sizes, hydrocarbon sorption efficacy, and high thermal/hydrothermal stability; as such, mesoporous silicas have been widely researched over the past two decades.
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Titania (TiO 2 )
TiO 2 nanoparticles are mostly used in medical and in the field of dentistry. 15 Insertion of implants gives rise to the allergic reaction by inducing antigen/antibody type 1 and type IV complex reaction. However, adhesion of microbes on Titania implants has a strong effect on teeth healing process and show the long-term effect on implants. Roughness or chemical decomposition on implants can form plaque inside the oral cavity. Titanium plates were placed in bacterial suspension for around 1 h for bacterial colony count, adhesion angle measurements represent no significant difference on surface modification. Adherent bacteria number reduces significantly on stable Titania (titanium/zirconia nanoparticles) rather than polished titanium. So physical modification (silica/ titania nanoparticle coating) significantly decreases microbial adhesion for result promotion. 79 Bone reacts to physically modified titanium implants for the formation of inorganic nano porous substances and intensively used to form drug-releasing implants (Figs. 4 and 5) . Surface modification improves hardness and strength of dental RBCs and affects linkage and dispersion of TiO 2 present inside a resin matrix. 80 
Silver
Silver compounds are known to exhibit antibacterial activity. 81 With the advancement of nanotechnology more silver nanoparticles are synthesized (AgNPs). 82, 83 AgNPs are widely used in water purification, toothpaste, washing machines, shampoo, kitchen utilities, fabrics, nursing bottles, and humidifiers. 84 AgNPs 85 have also been studied for use in several areas of dentistry which includes endodontics, 86 dental restorative material, 87 dental prosthetics, 88 dental implants. 89 Incorporation of AgNPs decreases microbial colonization over dental parts and increases oral health. 90 As the nanoparticles possess small size having the larger surface area, they show the antimicrobial effect at very low level. 91, 92 Because of its minute size, AgNPs can able to penetrate easily the bacterial cell membrane resulting in rapid bactericidal activity. 93 Silver can interfere with DNA and proteins by interacting with À ÀSH groups, and also alters the base pairing, DNA unwinding, cell wall synthesis and respiratory processes, 94 resulting in bacterial death Various NPs used in the field of dentistry and its positive and negative impacts are summerised in (Table 3) . Although Ag acts as a potent antimicrobial agent, it also has many advantages, such as its biocompatibility, low toxicity, 85 low bacterial resistance 95 and long-term antibacterial activity. 96 The disadvantages of using AgNPs is that it changes dental colour. 97 
Conclusion
Nanotechnology is going to be an essential part of the clinical dental practice. Nanomaterials are used in toothpaste and other rinsing solutions for better oral healthcare services which will become less stressful for the dental surgeons. New nano strategies cope up to address the dental problems. Nanomaterials used in the dental filling, polishing of the enamel surface to prevent caries, also used as implant materials that are more effective than the Large surface area, bring active agents to live cells, adheres easily to the tooth surfaces and to the surfaces of dentin and cementum.
The structure, size, surface, and purity have a significant effect on CNTs reactivity. Nanotubes can induce inflammatory and fibrotic reactions under some conditions by crossing membrane barriers. [98] [99] [100] [101] [102] Graphene Teeth coating, suitable for implantation, biofilm reduction Cost effectiveness, fracture resistant, low density form a uniform crystal lattice, treat bacterial biofilm
The toxicity depends on the shape, size, and oxidative state of graphene. Post synthesis processing steps can incorporate metallic impurities which may elicit variable toxicity responses [103] [104] [105] [106] [107] [108] Hydroxy apatite (HAp) reduce dental hypersensitivity, also act as cavity filler, retard auxiliary demineralization, repairment of enamel surfaces
The nano sized HAp particles can easily integrate into the dental tubules. Similar composition with teeth and bone, biocompatible, adsorbed to the enamel of the teeth, protect the teeth by making a film of artificial enamel around the tooth, reform periodontal shortcomings.
They can bind with proteins and produce proteinparticle complexes which eventually get killed by macrophages in tissues. These particles traveled to and dispersed into lungs, spleen, and liver by blood. The inflammatory response, signaling pathway, and oxidative stress can be affected by the toxicity of nanoparticles. 38 ,39,109-
112
Zirconia
Reduces bacterial adhesion to the tooth surface, provide protection against dental carries, effective polishing agent.
Similar mechanical properties and color like a tooth, have low cytotoxicity, sensible biocompatibility, and high fracture resistance.
Zirconium oxide nanomaterials may have some short-and long-term risks such as a significant DNA damage in human T-cells, and induce apoptosis, inhibition of cell proliferation in human mesothelioma and rodent fibroblast cell lines are reported after exposure to zirconium. It also found to induce cellular oxidative stress causing cell mortality. Studies have indicated that these NPs can stop the cell cycle as well as they can cross the various physiological barriers resulting in adverse effects. [113] [114] [115] [116] [117] [118] Silica Dental filling agent, tooth polishing, prevents dental caries, an antibacterial agent, to treat dental hypersensitivity.
Biocompatible, have a low toxic effect, low density and a significant adsorption ability and most importantly they are cost effective. The reduced roughness of teeth surface when used as the polishing agent.
Toxic effects depend on the route of entry and physio-chemical characters. Recent studies showed that silica nanoparticles can also induce silicosis as well as lung cancer as like crystalline particles. SiNPs induce cytotoxicity. Furthermore, it can also induce oxidative stress; mediate apoptosis which is dependent on the size and dose. Some studies have also reported that SiNPs also has several genotoxic (DNA damage, regulation of genes involves in apoptosis and autophagy) as well as immunotoxic effects.
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Titania Mainly dental implants Long term effect on dental implants, surface modification provided more advantages like less bacterial adhesion, improved hardness.
NPs provide more toxicity than Fine Particles. It goes to the body through inhalation. Workers in TiO 2 production factories have cancers (revealed in epidemiologic studies). TiO 2 NPs can build up inside the brain by crossing blood-brain barrier in the region of cortex and hippocampus. TiO 2 exposure results in microglia activation, ROS (reactive oxygen species) production, signaling pathways activation having a role in cell death and inflammation. [125] [126] [127] [128] [129] [130] [131] Silver Antimicrobial agent, dental restorative material, dental prosthetics, dental implants Known to decrease bacterial colonization and increases oral health, can easily penetrate bacterial membrane due to its smaller size. It is biocompatible having low toxicity and long-term antibacterial activity.
AgNPs induce toxicity. Chronic exposure to silver can have argyria. Toxic effects of AgNPs are due to ROS production. Both silver ions and AgNPs contribute to the toxicity. Ag NPs involved in oxidative stress production and genotoxicity, lysosomal AcP activation, actin disruption, hemocytes phagocytosis stimulation and inhibition of Na-K-ATPase.
conventional materials. Some of the nanoparticles act as antimicrobial agent thus prevent bacterial growth. Nanodentistry attracts patients towards dentistry, since, it will be cost effective, timesaving and prevent the patient from mental trauma. Development of modified nanomaterials is surely going to help to solve the dental problems. Nanotechnology's effect for treatment of oral disease is limited, which rapidly progress the investigations ensuring developments that are possible in near future.
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